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Abstract In advanced methods of delineation and mapping of scientific fields, hybrid

methods open a promising path to the capitalisation of advantages of approaches based on

words and citations. One way to validate the hybrid approaches is to work in cooperation

with experts of the fields under scrutiny. We report here an experiment in the field of

genomics, where a corpus of documents has been built by a hybrid citation-lexical method,

and then clustered into research themes. Experts of the field were associated in the various

stages of the process: lexical queries for building the initial set of documents, the seed;

citation-based extension aiming at reducing silence; final clustering to identify noise and

allow discussion on border areas. The analysis of experts’ advices show a high level of

validation of the process, which combines a high-precision and low-recall seed, obtained

by journal and lexical queries, and a citation-based extension enhancing the recall. This

findings on the genomics field suggest that hybrid methods can efficiently retrieve a corpus

of relevant literature, even in complex and emerging fields.

Keywords Information retrieval � Bibliographic coupling � Genomics �
Citation methods � Bibliometrics � Science mapping � Field delineation

Introduction

Analysis of leading edge, emerging or complex fields for science policy purposes is

conditioned by the quality of the field delineation. Macro-level delineation, limited to the

coarse-grain journal level, is a time and cost-saving methodology (see for example Rinia
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et al. 1993) that can be used to benchmark the production of actors within a given field.

However, this crude Bradfordian selection does not achieve a good trade-off between

silence and precision in complex and emerging fields. One needs to rely on the article

level, instead of the journal level, in order to build a corpus of relevant publications.

Adequate information retrieval techniques showing satisfactory levels of both recall and

precision should be implemented.

Lexical queries are the traditional mode of delineation at fine-grain level. In the case of

genomics, setting the search strategy is both cumbersome and limited in efficiency,

because of complex field definition, fuzzy borders and high-tech content expressed by

numerous technical acronyms likely to create noise. Expert’s supervision is helpful to set

up the queries, with the usual risks of specialization effects.

Complementary strategies built on bibliometric properties can be set up to overcome

these limitations. Bibliometrics can be considered as the study of networks associated with

scientific or technological activity: networks of scientists/institutions, of articles, of terms,

of journals. Seldom does a bibliometric question receive an answer from a unique network:

this is especially true for questions dealing with information retrieval, delimitation of

fields, structuring and mapping of science. For example, the proximity between articles

may be assessed from the authorship structure, relations of citations and/or share of

common lexical contents. Garfield citation indexing (Garfield 1967) was in this respect a

revolution, breaking the monopoly of lexical forms of retrieval.

The time has probably come to promote combined and/or hybrid techniques, together

with competing solutions for addressing a particular issue, to try and gain advantage from

this multifaceted reality. Google, the most famous retrieval system worldwide, is indeed a

hybrid system (Brin and Page 1998), combining lexical search with hyperlinks - quasi-

citation linkages. In citation bibliometrics, hybridization also opens up a wide space to

design efficient retrieval processes.

Here an application of a combined lexical and citation process for field delineation is

described (in the followings referred to as the ‘‘lex ? cite’’ method), basically drawn from

Zitt and Bassecoulard (2006). The method was applied to the retrieval of publications in

the field of genomics and was closely supervised by experts throughout the successive

steps. The present article focuses only on the application of the delineation issue to this

particular field.

The first step of the delineation process is a bibliometric mix of classical methods, a

(drastic) selection of core journals and the construction of a lexical query. It ended at the

harvest of a first set of relevant publications. The dataset was then enhanced by a citation-

based extension technique. Lastly, a final clustering on lexical content was performed to

refine delineation and discuss border areas.

A panel of experts, scientists from various subfields of genomics (see acknowledge-

ments), has been set up to monitor the entire process and to provide assistance at different

key point steps. The panel was involved in the selection of the core genomics journals and

the formulation of the lexical query using genomics related keywords, the assessment of

the citation-based extension process and the final proposals of noise reduction on a map

and analysis of lexical clusters.

After recalling the overall context of the present study (second section), the paper will

shortly present the different steps of the ‘‘lex ? cite’’ method with the contribution of

experts to the process and/or to the validation. Because of this structure, the sections follow

the different steps of the process, presenting for each the method used, together with the

meta aspects of experts involvement: third section is devoted to the lexical initialization,
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fourth section to the citation-based extension, fifth section to the noise-reduction using a

clustering stage, before discussion and conclusion.

Context: the CSTG (sciento-technology corpus in genomics) project
and the definition of the genomic field

The process of field delineation described here is carried out within a larger project funded

by the french National Research Agency (ANR) on the building of databases for social

scientists, especially economists, in the field of genetics, with a particular focus on

genomics.1 It is dedicated to the analysis of two separate methods of diffusing information

about human genetic sequences: through patents in technology on the one hand, through

scientific publications in science on the other hand. The aim of the project is to investigate

the relationship between science and technology in this particular field and to study the

characteristics of this newly established R&D field. The present paper only addresses the

bibliometric work package of the project, the delineation issue on the publications side.

For publications, the database was defined as extracts from Thomson-Reuters’s Web of

Science (WoS). The EPO Worldwide Patent Statistical Database (PATSTAT) was used on

the patents side, for memory sake. As various exploitations are planned, two quite distinct

delineations were carried out. The first one, very coarse, concerns the vast area of genetics,

for the purpose of analyzing co-activity publications-patents especially. Both WoS and

PATSTAT have been searched using a similar search strategy involving genetics and

genomics keywords. The keyword list is inspired from the Georgetown University query,2

with some add-ons of specific genomics-related terms.

This paper details the second delineation process, focused on the sub-area of genomics,

where fine-grain network analysis was conducted. How does one define ‘‘genomics’’? Both

genetics and genomics involve gene-related research. The term ‘‘genomics’’ was coined in

1986 when launching the eponym new journal (McKusick and Ruddle 1987). Genetics

stricto sensu is the science of gene heredity and variation of organisms by looking at single

genes, one at a time, as a snapshot. In contrast, genomics typically looks at all the genes or

at least at large fractions of a genome as a dynamic system, over time, to determine how

they interact and influence biological pathways, networks and physiology, in a much more

global sense. It encompasses everything from sequencing genomes, ascribing functions to

genes, and studying the structure of genes (gene architecture). The most famous project in

this field was the worldwide project dedicated to the sequencing of the Human genome in

the period 1990–2003 (IHGSC 2004).

Especially since 2003, a new subfield of genomics has emerged, namely post-genomics,

which focuses on the understanding of biological phenomena involving genes, gene

functions and genes-related products. Post-genomics uses techniques previously developed

for genomics and takes them further, studying patterns in gene transcription to form

proteins (transcriptomics), in genes expression as proteins (proteomics), and in genes

influence on the chemicals that control the cellular biochemistry and metabolism

(metabolomics).

1 Consortium: ADIS (Université Paris-Sud), Lereco (INRA), OST.
2 See http://dnapatents.georgetown.edu/.
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Building the initial set

To start the process, experts were asked to give their general view of the field of genomics,

its relation to genetics and border areas. They stressed the consensual following points,

echoing the above mentioned milestones and allowing the specification of genomics

literature:

– genomics involves a ‘‘large scale’’ approach of genes or genes related products and the

study of those genes in their complex biological environment.

– post-genomics publications should be included in a genomic publication corpus

– bioinformatics is included as well as research devoted to the development of specific

instrumentation for genomic large scale purposes.

Besides these selection rules, the panel stressed that since genetics and genomics fields

are strongly interlinked, some overlaps occur and the attribution of a particular article to

either genetics or genomics may be difficult.

For the initial input, bibliometric teams with an experience of micro-level studies report

a variety of combinations (for example, Debruin and Moed 1993; Aksnes et al. 2000; Van

Leeuwen et al. 2001; Bassecoulard et al. 2007), often based on experts’ advice: selection of

journals, key-words, key-authors or institutions, or key-cited works. Here we choose a

combination of core journals and lexical query. The source of primary data is the OST off-

line version of the Thomson-Reuters SCI-Expanded Web of Science (WoS), for database

years 1999–2005. Only articles and letters have been kept.

Specialized journals

Our starting point was a list of core journals in genomics. The identification was found to

be rather tricky, because of the imbrication of genomics and genetics. Many journals titles

contained the term ‘‘gene’’ but, in the view of the panel, did not belong to ‘‘genomics’’.

Among a set of 60 pre-selected journals, experts retained a restricted list of 26 core

journals (see Annex I), belonging to the following Thomson-Reuters subject areas:

‘Genetics and Heredity’, ‘Biochemistry & Molecular biology’, ‘Biotechnology & Applied

Microbiology’ or ‘Cell biology’. Some divergences were expressed on journals such as

‘DNA Repair’ and ‘DNA Research’.

The list of journals selected by the panel can be compared to that selected by Basu and

Lewison (2006) from the free access Pubmed database for the same field. From the 24

journals selected by these authors, 14 are in the WoS database and were selected by our

panel. All the articles and letters from our core journals set are retained in the corpus. This

corresponds to ca. 15,900 documents.

Lexical query

The formulation of a lexical query filtering genomics out of genetics is a challenging task

since the same biological materials are involved in both fields. Few previous studies reported

genomics field delineation using a lexical query approach (Archambault et al. 1999).

The experts were asked to select keywords specific to genomics literature. They rejected

the keywords related to biological materials: sequence, antisense, yac, bac, nucleoside,

haplotype, exon, intron, nucleotide, nucleic acid… These terms were deemed non specific

of genomics, except genome and snp (for single nucleotide polymorphism). Terms such as

transcriptomics, pharmacogenomics, proteomics, bioinformatics and genebank were
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selected, but are too general to be used alone. A Boolean lexical query using only these

generic terms retrieved less than 6,000 publications between 1999 and 2005. Adding

combinations of standard genetic terms like DNA, RNA, gene or chromosome with terms

qualifying the large-scale approach of genomics, proved successful. The final query is

shown Table 1.

Experts were also asked to validate target lexical fields. The outcomes of a lexical query

vary in magnitude depending on the lexical fields where it is applied. Classically, databases

offer all or some fields amongst the following: titles; authors’ keywords; database key-

words, sometimes of several kinds; abstracts; full text. The WoS offers all but the last one,

and the database keywords are quite original (keywords?), resulting from a hybrid analysis

(through cited items). As they are likely to be noisy in our context, they were not used.

Three strategies were compared: (a) on titles; (b) on titles ? authors’ keywords; (c) on

titles ? abstracts. The three ways were tested with the above Boolean formula, and experts

discussed samples of queries outcomes. The outcomes of the strategies (a) and (b) were

found relevant by the experts. Strategy (c) resulted in quite a large set, which was severely

rated by the panel because of a large dispersion out of genomics. The strategy (b) was

eventually selected since it increased the retrieval rate by 16% without evidence of

increasing the noise. Keeping a low level of noise was considered a key point at this stage

since the next step, the citation stage, aimed mainly at reducing silence, a point discussed

further.

The lexical query added ca 36,600 documents to those coming from the core journals.

The resulting initial set (union core journals ? lexical query) contains ca 52,500 docu-

ments. This set was used as the seed literature to further collect an extension based on

citations links between articles.

Citation based extension

Informetric process

The principle of the citationist extension has been described by Zitt and Bassecoulard

(op.cit. 2006) and further commented on in Bassecoulard et al. (op.cit. 2007). The aim is to

extend the initial set of literature, (the seed literature), to the ‘‘sister literature’’, i.e. pub-

lications sharing the domain-specific knowledge base of the initial set. For this purpose it is

assumed, in a Mertonian interpretation, that the set C of articles cited by the seed is a proxy

of the knowledge base.

Table 1 Lexical formula

((__dna or _dna or dna or __rna or _rna or rna or rna_ or dna_ or _rna_ or _dna_
or __dna_ or __rna_ or gene or genes or genet% or genot% or chromoso%)

Standard genetic
terms

AND

(large_scale or (large scale) or high_throughput or high_throughputs or (high
throughput) or (high throughputs) or (expression profile) or (expression profiles)
or librar% or sequencing or screening or shuffling or synten% or map%))

Large scale terms

OR

(%genom% or genebank or genebank_ or metabolom% or transcriptom% or
pharmacogenom% or toxicogenom% or epigenom% or proteom% or interactom%
or metagenom% or omic or omic_ or bioinformatic% or snp or snps)

Specific genomic
terms
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The protocol consists in recalling new relevant publications (outside the seed) that cite

this reference literature. The global rationale is bibliographic coupling, but instead of

computing coupling links at the document level—a rather heavy task in terms of com-

puting requirements—we considered the current initial set of literature as a macro-docu-

ment. A particular advantage thereof is that articles may be retrieved without having much

proximity with any particular article in the current set as soon as they contain any com-

bination of structuring items (here the specific cited articles). A shortcoming is that the

corpus size affects the process, hence the desirable setting of the parameters.

The general procedure involves three parameters, further combined into synthetic

relevance measures.

– two parameters on the cited side (for each article cited by the seed) to qualify the

domain-specific reference literature

yi, genericness, is the ‘‘local’’ citation score, i.e. the citations retrieved from the seed

(m citing articles, j = 1...m) for the ith cited article in the cited set C:

yi ¼ R j 1::: mð Þc
i
j where ci

j ¼ 1 if i is cited by j; 0 otherwise

Let Y a threshold on yi. The higher Y, the most selective we want to be, discarding

marginal cited items and thematic areas.

ui, specificity, is the ratio of yi, local citations—received from the seed—and y
0i global

citations—received from the whole Web of Science (WoS, M citing articles h = 1...M):

ui ¼ yi
.

y0
I
with y0

i ¼ Rh 1:::Mð Þc
i
h

where ci
h ¼ 1 if i is cited by h, 0 otherwise. A corresponding probabilistic form for

specificity is obtained by dividing by the expected value:

vi ¼ ui= m=Mð Þ:
Let U a threshold on u. The higher U, the most specific we want to be, by discarding

cited articles with little specialization towards the field.

After the application of the two thresholds Y and U on cited articles from C, we obtain a

subset of domain-specific cited articles. For convenience, let us consider D (g = 1...p),

the domain-specific subset of C.

– one parameter on the citing side to retrieve the domain-relevant ‘‘sister literature’’

Let NSR(k) (number of specific references) the number xk of references that a citing

article k from the WoS (k = 1...M) counts in the set D of domain-specific cited

articles:

Let zk the total number of references of article k.

NSR kð Þ ¼ xk ¼
Xk

f 1...zkð Þ rk
f

where rk
f ¼ 1 if the reference f is domain-specific and falls in D, 0 otherwise
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NSR(k) is a proxy of total relevance. Let X the threshold on NSR(k).

An alternative measure of total relevance, used here, is:

WSS kð Þ ¼
Pk

f 1...zð Þ ui
f ; the weighted sum of the specificity index over all references of

the citing article k. ui
f denotes the specificity of the cited article i corresponding to the

reference f in article k. ui
f ¼ 0 if the article i does not fall in C.

Note that WSS is less sensitive to a threshold on U than xk, and can be calculated

without U threshold.

In addition to total relevance, likely to depend on the total number of references, let us

now address the relative relevance. A proxy of relative relevance is:

PSR(k) = xk/zk B 1, the proportion of specific references among the total references of

article.

– An alternative measure is the weighted proportion of references:

WPR kð Þ ¼WSS kð Þ= zk� 1:

With its multistage arrangement, the extension process is a bit different from a standard

retrieval scheme, but the global rationale has some analogy with the tf-idf approach (Fig. 1).

In the protocol used here, thresholds Y, U and X were used beforehand at a low

selective level, in order to alleviate the computer requirements. In the present application,

the presets were Y = 2, U = 0.2, giving ca. 181,500 domain-specific articles that receive

at least 20% of their citations from the initial set. They can be considered as the elements

of a Boolean citation-based query, retrieving 456,400 documents, among which 406,400 do

not belong to the initial set. On the citing side the preset is X = 3. Citing documents with

at least 3 domain-specific references were kept, an additional filter on document types was

T1 T2 T3 T4 T5 T6

R1

R2

R3

R4

R5

R6

WSS
Weighted Sum of Specificity

PSR
Proportion
of Specific
References

300-400

200-300

100-200

0-100

Fig. 1 Probabilistic indexes on
Table 2
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practiced. This operation finally left 97,800 articles and letters in the filtered citation-based

extension, submitted to expert assessment. These successive sets are shown on Fig. 3.

The set of retrieved articles was ranked by relevance based on two bibliometric

parameters. The first one is a proxy for relative relevance, the proportion of specific

references (PSR); the second one a proxy of total relevance, the weighted sum of the

specificity (WSS). A cross-table was established (Table 2) and the articles were dispatched

into one of the 36 cells. For convenience, we used ‘‘quantiles’’ (not cumulative) categories;

10, 10, 20, 20, 20, 20% denoted T1–T6 on WSS and R1–R6 on PSR.

The first thing we learn from this table is the relation between the absolute and relative

measure, illustrated by the probabilistic index on the table3, with all high values alongside

the diagonal.

Testing the relevance of the bibliometric ranking was then performed, by confronting it

to the judgment of experts. Two outcomes were expected from the experts:

(a) validation of the bibliometric (relevance) ranking of articles added by the extension,

namely the ranking of groups of articles represented by a cell in the Table 2. A

satisfactory match between the bibliometric ranking and the experts’ ranking would

be a strong argument in favour of the soundness of the process. For this purpose,

experts were asked to qualify, on samples drawn from each cell (sample size: 40

articles) of the cross-table, each document as belonging or not to ‘‘genomics’’, thus

allowing to assess on each cell, on a statistical basis, the proportion of relevant items.

Table 2 Cross-tabulation of the filtered citation-based extension retrieved articles ranked according to two
proxies of relevance

WSS quantiles* Up to 10% 10 to 20% 20 to 40% 40 to 60% 60 to 80% 80 to 100% Total

PSR quantiles T1 T2 T3 T4 T5 T6

Up to 10%
R1

5414**
0.67–8.24

1892
0.65–3.69

1466
0.64–2.34

602
0.65–1.47

300
0.62–1.05

121
0.64–0.78

9795
0.66–5.75

10 to 20%
R2

2850
0.40–6.31

2819
0.39–3.63

2526
0.39–2.34

899
0.38–1.47

418
0.38–1.06

257
0.37–0.79

9769
0.39–3.69

20 to 40%
R3

1385
0.26–5.55

3810
0.25–3.53

7273
0.24–2.28

3910
0.23–1.47

2047
0.23–1.06

1137
0.23–0.77

19562
0.24–2.38

40 to 60%
R4

114
0.16–5.30

1076
0.16–3.41

5440
0.15–2.17

5863
0.15–1.45

4234
0.15–1.05

2622
0.15–0.77

19349
0.15–1.61

60 to 80%
R5

12
0.10–5.94

165
0.11–3.31

2343
0.10–2.08

5404
0.10–1.43

6260
0.10–1.04

5742
0.10–0.77

19926
0.10–1.21

80 to 100%
R6

7
0.07–5.44

20
0.06–3.49

516
0.07–2.01

2885
0.07–1.40

6584
0.06–1.03

9403
0.06–0.76

19415
0.06–0.98

Total 9782
0.53–7.25

9782
0.35–3.57

19564
0.24–2.23

19563
0.17–1.44

19843
0.12–1.04

19282
0.10–0.76

97816
0.22–2.18

WSS weighted sum of specifivity, PSR proportion of specific references

* Non cumulative classes of percentiles from the top value of the variable through the bottom value

** In each cell, first row: number of documents. Second row: mean value of PSR–WSS within the cell

3 Probabilistic index = observed cell population c(ij)/expected cell population where expected cell popu-
lation = c(i.)c(.j)/c(..).
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The question is then: do the results confirm, first at the expert group level, then at the

individual expert level, the ranking by bibliometric relevance.

(b) tuning of the citation-based extension. As in information retrieval processes based on

Bradfordian rules, no ‘‘natural border’’ can be defined for most scientific fields.

Bibliometric relevance assessment and information retrieval (IR in the followings)

trade-off of experts helped to reach a practical solution. We limited ourselves to

technical aspects, without external cost functions. Experts were asked to rate each cell

as globally acceptable or not, in other words to reveal their own IR trade-off.

Tuning the extension process

Table 3 shows the results of the expertise at an aggregate level by giving the per-

centage of articles relevant to genomics for each cell. For either measure (PSR or

WSS), the average percentage of genomics-related articles decreases when the measure

decreases. This is also true for conditional distributions to one class, either row-wise or

column-wise, with very few exceptions. Interestingly, the dispersion of experts’ indi-

vidual visions of the field, restricted or generous, proved quite large. By the way, this

source of variation is much stronger than the sampling process itself. For example,

ratings in cell R1-T1 varies from 77 to 100%, in cell T2-R2 from 52 to 95% etc.

Nevertheless, resulting cell rankings were alike and globally matched the trends of

bibliometric measures (decrease from column T1 to column T6, and from row R1 to

row R6). This is a strong indication in favour of the soundness of the citation-based

extension.

If we look into details, we can visualize the comparison within PSR and WSS from

figure (Fig. 2). The relative measure performs better on high deciles cells with non sig-

nificant values (bottom left) are conventionally represented by negative values (dashes).

The revealed individual IR trade-off of experts was also diverse. We eventually used a

conservative strategy and only publications from cells considered as ‘‘mainly non

genomics’’ by all experts were discarded from the extended set (dashed cells). These

options yielded a final citation-based extension of ca. 67,200 documents. The outcome of

the various stages is sketched in Fig. 3.

The final set has ca. 119,700 documents (union of initial set and final citation-based

extension), 56% of them being retrieved by the citation extension step. We will come back

to the IR features of the citation-based process in the next section.

Table 3 Experts judgement on a sample of the extension: % of genomic documents per cell

WSS PSR Up to 10%
(T1) (%)

10 to 20%
(T2) (%)

20 to 40%
(T3) (%)

40 to 60%
(T4) (%)

60 to 80%
(T5) (%)

80 to 100%
(T6) (%)

Up to 10% (R1) 90.6 83.1 86.6 73.6 57.4 76.6

10 to 20% (R2) 76.5 73.4 74.0 68.0 63.9 63.0

20 to 40% (R3) 71.1 65.4 60.4 54.8 54.4 48.0

40 to 60% (R4) 68.0 61.1 51.5 56.5 40.0 35.6

60 to 80% (R5) ns 50.5 45.6 43.8 39.7 31.4

80 to 100% (R6) ns ns 32.8 35.0 18.6 27.8

ns: number of the documents in the cell lower than 20

Delineation of the genomics field 655

123



Mapping and clustering

The final stage of clustering on lexical content is meant to feed discussion of border areas,

or of areas appearing as ‘‘clustered noise’’, out of the topic. Many clustering algorithms are

available. Here we used the axial K-means method (AKM, Lelu and François 1992;

T1 T2 T3 T4 T5 T6

R1

R2

R3

R4

R5

R6

WSS
Weighted Sum of Specificity 

PSR
Proportion
 of Specific 
References

0,8-1

0,6-0,8

0,4-0,6

0,2-0,4

0-0,2

-0,2-0

Fig. 2 Experts judgement on a
sample of the extension: % of
genomic documents per cell

INITIAL
SET

52500

MAXIMUM
CITATION

BASED
EXENSION

CORE
JOURNALS

15900

+

LEXICAL
QUERY
36600

= FINAL
CITATION

BASED
EXTENSION

67200

FILTERED CITATION 
BASED EXTENSION

97800

EXPERTISE

BIBLIOMETRIC FILTERS 

CITATION-BASED QUERY

Fig. 3 Successive sets of the hybrid process
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Lelu 1994) in a rationale of lexical coupling. AKM is an axial variant of the well-known

K-means clustering algorithm4 and is able to process large volumes. The first step is a

K-means partition, each document is assigned to one cluster. In a second step, projections

of documents upon the axoid of each cluster allow multi-assignment of documents.

Principles are recalled in Bassecoulard et al. (op. cit. 2007), in an application to nano-

sciences. A hybrid clustering on citations and lexical content has been reported elsewhere,

again on a nanosciences corpus (Zitt et al. 2008), a similar exercise is on-going on the

present corpus.

Term-extraction was carried out on titles and abstracts of the final dataset. The inclusion

of abstracts at this stage is not as risky as it was at the delineation stage. We set the

breakdown at 50 thematic clusters. Experts proposed denominations for clusters, after an

analysis of the titles of top assigned articles and terms. They also qualified the global

relevance of each cluster for genomics into three groups: Core genomics; Border theme;

Non genomics.

Experts validated 34 clusters out of 50 as Core genomics clusters (human genome, plant

genome polymorphism, bioinformatics, proteomics etc.). 5 clusters were assessed as border

themes (two clusters devoted to viruses) and considered as promising, though not yet

central. For the remaining clusters, experts emphasized the risk of noise, as topics were

more focused on the single-gene level or on methods not specific to genomics. Themes and

corresponding qualifications are listed in Annex II.

Extension process and field borders

This question was investigated by several means. First the proportion of papers from the

citation-based extension in each of the 50 clusters was calculated and compared to its share

in the whole dataset (56%). According to their citation extension share, the 50 clusters

were classified as ‘Low’ (less than 44% of the cluster’s publications were retrieved during

the citation extension step), ‘Average’ (45 to 70% publications retrieved from the exten-

sion step) and ‘High’ (more than 70% of the publications retrieved from the extension

phase). We crossed these classes with the classes of global relevance assessed by the

experts (Table 4).

As expected, the seven clusters with a high contribution in the initial set belong to core

genomics. For the nine clusters with a high contribution of the extension, one of them is

considered as noisy, two others as border themes, but six of them, the majority, were also

assigned to core genomics. The extension process brings some new topics along and also

enhances central ones.

Table 4 Experts judgement on clusters according to their relevance to genomics and the relative weight of
the extension in the cluster

Share of the citation-based extension Core genomics Border theme Non genomics Total

Low (B44%) 7 – – 7

Average 21 3 10 34

High (C71%) 6 2 1 9

34 5 11 50

Population of clusters calculated on primary assignments of documents (no overlaps)

4 AKM is implemented in the commercial software Neuronav by Diatopie (S. Aubin, www.diatopie.com). It
is enhanced it with a basic but robust and efficient term-extracting sequence.
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For each ‘‘retrieval set’’ (core journals, addition by the lexical query, citation-based

extension), we analyzed the distribution of documents between the three groups of clusters,

classified according to their global relevance towards genomics. As shown in Table 5, the

percentage of documents that are primarily assigned to core genomics clusters decreases

moderately, from core-journal documents (80.7%) to articles added by the lexical query

and articles from the citation-based extension (68.6%). There is a shift towards documents

assigned to border themes. For documents assigned to noisy clusters, the proportion is

almost the same for articles added by the lexical query (outside core journals) and for

documents brought by the citation-based extension process.

Finally, we checked the primary assignments of documents of the extension displayed

by bibliometric criteria, as in the ex-ante assessment on cell samples. Results shown in

Table 6 corroborate previous judgments on samples from Table 3, with a 0.86 correlation

on cell rankings.

When comparing the addition brought by the lexical query (to the core journals), and the

further extension brought by the citation process, we could expect the latter to be much

noisier. In fact, the quality of the citation-based extension, in terms of types of clusters

(core, border, out), appears remarkable. Now, if we go back to the tuning of the extension,

following experts’ advices (‘‘Citation based extension’’ section) and especially their choice

of cells to discard, we observe that the experts did not demand a very high level of

precision, perhaps as a result of the difficulty to distinguish between genomics and genetics

publications in practice. We have also seen that the perception of genomics could be quite

different amongst them. The precision on the final extension can be approximated from the

number of documents and the proportions estimated on each cell (Tables 2 and 3), at ca.

60%. Since it was too heavy to have a validation of documents outside the ‘‘filtered

Table 5 Distribution of documents from retrieval sets by relevance groups of clusters

Global relevance
of clusters
(experts judgment)

Core journals
(%)

Addition from
Lexical query
(%)

Total initial
dataset
(%)

Final citation-
based extension
(%)

Total final
dataset
(%)

Core genomics 80.7 73.2 75.4 68.6 71.6

Border theme 4.1 6.7 5.9 9.5 7.9

Non genomics 15.2 20.1 18.7 21.9 20.5

Number of documents 100 100 100 100 100

15900 36600 52500 67200 119700

Percentages calculated on primary assignments of documents (no overlaps between clusters)

Table 6 Experts judgment on the extension: % of documents assigned to core genomics clusters

WSS PSR Up to 10%
(T1) (%)

10% to 20%
(T2) (%)

20% to 40%
(T3) (%)

40%to 60%
(T4) (%)

60% to 80%
(T5) (%)

80% to 100%
(T6) (%)

Up to 10% (R1) 85.2 81.9 80.6 79.7 78.0 74.4

10 to 20% (R2) 77.3 74.6 74.0 71.9 66.0 70.8

20 to 40% (R3) 72.9 70.4 68.4 65.7 64.7 61.6

40 to 60% (R4) 71.1 65.4 63.4 62.2 62.2

60 to 80% (R5) ns 73.9 63.5 58.8

80 to 100% (R6) ns ns 64.0 60.0

Percentages calculated on primary assignments of documents (no overlaps between clusters)
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citation-based extension’’ analysed in the tables above, the recall could only be very

roughly approximated, by extrapolating the trend observed on WSS (or PSR), using a

linear model, the only compatible in the available range of data. On theses bases, the

revealed recall would be about 3/4, likely to be overestimated by the linear extrapolation.

These figures should be taken as large approximations. In any case, the bibliometric tables

could be a guideline for a variety of other trade-offs.

In order to establish the ‘‘lex ? cite’’ method as a robust and realistic production tool for

field delineation, without engaging heavy expert involvement in run-of-the-mill applica-

tions, the relevance analysis could be limited to a ‘‘critical zone’’ (here rows R5-R6 *

columns T5-T6 in the tables) where bibliometric parameters become lower as those

encountered in the lower fraction of the initial seed, the fraction being defined on adequate

groups of publications. This is possible if a high precision is warranted for the seed, as

mentioned above. Also, the test on cross-tabulated cells based on two indices (here PSR

and WSS) can be avoided by picking a single measure, either among NSR, WSS, PSR,

WPR or various retrieval formulas in line with tf-idf. The last one, WPR, could be

promising. Moreover, pre-selections at sensible thresholds can be helpful to alleviate the

computing process. Using a single index and restricting the expert validation to a critical

area seems a sensible way for practical implementations of the ‘‘lex ? cite’’ method.

Conclusion

Three main results were obtained in this test of ‘‘lex ? cite’’ methods. Firstly, in the case of

areas where generic terms cannot be avoided, such as genomics, lexical queries—at least in

Boolean form—are explosive when applied to long target fields like abstracts. In these

particular areas, it is strongly recommended to combine a lexical query on short fields (e.g.

titles words and authors’ keywords) and a citation-based extension to achieve a good IR

trade-off. The range of application of hybrid delineation is not limited of course to those

particular situations. Secondly, a systematic validation of the citation extension process

was conducted with the help of experts. Experts showed a large individual variety in their

perception of genomics as a subfield of genetics, but their assessment of the successive sets

of the extension proved remarkably consistent with the bibliometric process grounded in

relevance assessment. Thirdly, as expected, the clustering stage proved a good tool to feed

experts’ discussion about the borders of the topic, which validated the ‘‘lex ? cite’’ process

from another point of view. The citation extension process contributes to the enhancement

of themes present in the initial lexical set. It also brings new themes, most of them

considered as relevant by experts. In advanced methods of delineation/mapping, hybrid

methods appear as a promising path to capitalize the advantages of approaches based on

either words or citations, and possibly other bibliometric relations. In this experiment,

experts were involved in a systematic process that proves efficient, both to validate the

principle and to tune the delineation sequence. The lessons from the current experiment

will help to alleviate the experts’ validation process in future studies.
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Annex I List of core journals

ANNUAL REVIEW OF GENOMICS AND HUMAN
GENETICS

GENOME

BIOINFORMATICS GENOME BIOLOGY

BMC BIOINFORMATICS GENOME RESEARCH

BMC GENOMICS GENOMICS

BRIEFINGS IN BIOINFORMATICS JOURNAL OF PROTEOME RESEARCH

COMPARATIVE AND FUNCTIONAL GENOMICS MAMMALIAN GENOME

CURRENT GENOMICS MOLECULAR & CELLULAR
PROTEOMICS

CYTOGENETIC AND GENOME RESEARCH MOLECULAR GENETICS AND
GENOMICS

DNA REPAIR PHARMACOGENETICS AND
GENOMICS

DNA RESEARCH PHARMACOGENOMICS

DNA SEQUENCE PHARMACOGENOMICS JOURNAL

EXPERT REVIEW OF PROTEOMICS PHYSIOLOGICAL GENOMICS

GENES CHROMOSOMES & CANCER PROTEOMICS

Annex II List of themes

The clusters were labelled arbitrarly from M1 to M50 during the clustering process. The

most central terms related to each cluster are shown to point out its thematic content

Core genomics

Extension share: high

M18/Population_genomics M32/Marker/RAPD/AFLP/Polymorphism

M20/Resistance/Resistance_genes/
Plant_&_Trout_resistance

M40/QTL/Trait/Mapping/Polymorphism

M31/LOH/Tumor_suppressor/Genome_&_Cancer M47/Species/Phylogeny/Evolutionary_genomics

Extension share: average

M 3/Plant_genomics/Transgenic_plants M25/Patient/Disease_genomics/Biomarkers/
Pharmacogenomics

M 4/DNA_sequence/Satellite M27/Evolution/Evolutionary_genomics

M 5/Strain/Microbial_genomics M28/Cancer/Genome_&_cancer

M 6/Cell_identity_&_Gene_expression M35/C-DNA/Transcription/C-DNA_library

M 8/Alignment/Bioinformatics M36/Polymorphism

M12/Network/Biological_networks/Model M43/Mouse/Murine_genomics

M14/Locus/Microsatellite_locus/Polymorphism M44/Expression/Cell_identity_&_Gene_expression

M15/Cell_line/Tumor/Genome_&_Cancer M45/LOD/Linkage_analysis/Polymorphism

M16/Spectrometry/Proteomics M46/Human/Primate/Gene_annotation/
Comparative_genomics

M22/Human/C-DNA/Gene_annotation M48/C57BL/Congenic_strains/Murine_genomics

M23/Exon/Genomic_organization/Gene_annotation

Extension share: low
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Appendix continued

M 1/Human_genome/Human_genome_project M17/Map/Linkage_maps/Polymorphism

M 9/Genome/ M24/System/Systems_biology/Bioinformatics

M10/Comparative_genomic_hybridization/Tumor M38/Genome/Genome_sizes

M11/SNPs/Polymorphism

Border themes

Extension share: high

M 2/Translocation/FISH/leukemia M21/Hybrid/Somatic_hybrids/Ferility

Extension share: average

M13/Transcriptional/Saccharomyces_cerevisiae/
Transcriptome

M50/Virus/Virus_replication/
Virus_recombinatiio,

M26/Virus/Nucleotide_sequence

Noisy, mostly Non genomics

Extension share: high

M30/Mutant/Mutagenesis

Extension weight: average

M 7/Enzyme/Escherichia_Coli M37/Cell/DNA_damage

M19/Repair/DNA_damage M39/DNA/Arrays/Genomic techniques

M29/Promoter/Transcription M41/Signaling/Kinase/MAPK

M33/RNA-/Virus M42/Mutation/Missence_mutation

M34/PCR/Methods/applications M49/Residue/Amino_acid_sequence
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